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(54) Tide: GAS TURBINE REGENERATIVE COOLED COMBUSTOR 




(57) Abstract 

A combustor (4) having a wall (11) within and around which a plurality of cooling passages (24) are arranged. A supply pipe (16) 
brings a cooling fluid (40), such as gaseous fuel or compressed air, to a manifold (3 1 , 33) that encircles the inlets of each of the holes. 
The manifold divides the cooling fluid in a number of small streams that flow axially toward a circumferential ly extending array of outlets, 
thereby heating the fluid and cooling the combustor wall. In an embodiment in which the cooling fluid is compressed air. the passages 
discharge the heated compressed air to a chamber from which it enters the inlets of the combustors. In an embodiment in which the cooling 
fluid is gaseous fuel, a second manifold (30, 32. 34) that encircles the outlets collects the fuel and then directs it to a fuel nozzle for 
introduction into the combustion zone. 
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GAS TURBINE REGENERATIVE COOLED COMBUSTOR 

BACKGROUND OF THE INVENTION 
The present invention relates to a combustor. 
More specifically, the present invention relates to a 
combustor for a gas turbine in which a fluid, such as 
5 gaseous fuel or compressed air, is used to cool the 

combustor wall and is then introduced into the combustor. 

A gas turbine is comprised of three main 
components: a compressor section in which air is 
compressed, a combustion section in which the compressed 
10 air is heated by burning fuel, and a turbine section in 

which the hot compressed gas from the combustion section is 
expanded. To achieve maximum power output of the gas 
turbine, it is desirable to heat the gas flowing through 
the combustion section to as high a temperature as 
15 feasible. Consequently, the components in the turbine 

section exposed to the hot gas must be adequately cooled so 
that their temperature is maintained within allowable 
limits . 

The combustion section typically includes a 
20 chamber in which a number of cylindrical combustors are 
disposed. A fuel nozzle disposed in each combustor 
introduces fuel which is then burned within the primary 
combustion zone of the combustor. Compressed air from the 
compressor flows into the chamber and is distributed to 
25 each of the combustors inlets so as to provide the air 
necessary for the combustion of the fuel in the primary 
combustion zone. 
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Traditionally, however, only a portion of the 
combustion air entered the primary combustion zone of the 
combustor, which operated in a fuel rich environment. A 
second portion of the combustion air entered the combustor 
5 downstream of the combustor inlet and provided the balance 
of the combustion air, as well as cooling air. Typically, 
this air was introduced through corrugations formed betweei 
adjacent sections of the combustor wall, thereby providing 
film cooling of the wall. 
10 However, use of rich fuel/air mixtures in the 

primary combustion zone results in very high temperatures. 
Such high temperatures promoted the formation of oxides of 
nitrogen ("NOx"), considered an atmospheric pollutant. It 
is known that combustion at lean fuel/air ratios reduces 
15 NOx formation. However, achieving such lean mixtures 

requires that the fuel be widely distributed and very well 
mixed into the combustion air. Optimally, this can be 
accomplished by pre-mixing the fuel into the entirety of 
the combustion air prior to its introduction into the 
20 combustion zone. Therefore, it would be desirable to 
introduce all of the combustion air into the combustor 
inlet for use as combust ion. air in the primary zone. 

Unfortunately, this approach does not allow for 
cooling of the combustor walls according to traditional 
25 cooling schemes. It is therefore desirable to provide a 
combustor in which the combustor walls are cooled despite 
the fact that no air, or at least substantially less air 
than that of the conventional scheme, is introduced into 
the combustor downstream of the combustor inlet; . 
3 0 SUMMARY OF THE INVENTION 

Accordingly, it is the general object; of the 
current invention to provide a combustor in wh;.ch the 
combustor walls are cooled despite the fact that no air, or 
at least substantially less air than that of the 
3 5 conventional scheme, is introduced into the coribustor 

downstream of the combustor inlet. Briefly, this object, 
as well as other objects of the current invention, is 
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accomplished in a combustor for heating compressed air by 
combusting a fuel therein, thereby producing hot compressed 
gas, that comprises (i) a liner having a wall having inner 
and outer surfaces, the inner surface of the wall forming a 
flow path for directing the flow of the hot compressed gas, 
(ii) a plurality of fuel passages formed within the wall 
extending between and substantially parallel to Che inner 
and outer surfaces, and (iii) means for distributing the 
fuel to each of the passages prior to combustion thereof, 
whereby heat is transferred to the fuel from the wall, 
thereby heating the fuel and cooling the wall. 

In a preferred embodiment of the invention, the 
wall is substantially cylindrical, and the passages are 
circumferentially arranged within and around the wall. In 
addition, the combustor has means for directing the heated 
fuel from each of the passages to the combustor zone for 

combustion therein . 

Another embodiment of the invention comprises a 
gas turbine combustion system having a chamber having means 
for receiving a flow of compressed air and a combustor 
disposed in the chamber. The combustor has (i) means for 
receiving a fuel, (ii) a compressed air inlet in flow 
communication with the chamber, whereby the compressed air 
received by the chamber flows into the combustor and is 
combusted with the fuel so as to produce a flow of hot 
compressed gas. and (iii) a liner having a wall for 
containing the flow of hot compressed gas and a manifold. 
The wall has a plurality of passages formed therein. Each 
of the passages have an inlet and an outlet, the inlet of 
each of the passages being in flow communication with the 
manifold, and the outlets of each of the passages being m 
flow communication with the chamber. According to this 
embodiment, the combustion system also includes means for 
further pressurizing at least a portion of the compressed 
air received by the chamber and for directing the further 
pressurized air to the manifold, whereby the further 
pressurized air flows from the inlet of the passages to the 
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wall"! f PaSSa9eS ' heat fro. the 

wall and then discharges into the chafer, where it enters 
the combustor compressed air inlet. 

BRIEF ORSPRIPTIOM OP THE QB£EIM£S 

5 the com* l i9Ure 1 13 3 l0ngiCudinal cross-section through 
the combustion section of a gas turbine incorporating thl 
combustor of the current invention. " 

Figure 2 is a detailed view of the combustor 
shown xn Figure 1. or 

10 wall , v 3 13 3 iS 3 Cross - s *^i°n of the combustor 

wall taken through line Ili-m shown in Figure 2 

wall taken^T" t ^ * " " Cr °"— cci <» of the combustor 
wall taken through line IV- IV shown in Figure 2. 

L5 , „ u Fi9UrS 5 iS 3 c ^ss-section of the combustor wall 
L5 taken through line V-V shown in Figure 2. 

w FigUrS 6 iS 3 Cross - section of the combustor wall 
. taken through line VI-VI shown in Figure 2. 

Fi9UrS 7 iS 3 ViSW Similar c ° figure 1 showing 
another embodiment of the invention. 

!0 DESCRIPTION OF TjjE Q^rr RRm p^nnru^ 

Referring to the drawings, there is shown in 
Figure 1 a longitudinal cross -sect ion through the 
combustion section portion of a gas turbine. The gas 
turbme is comprised of a compressor section 2, the 
discharge diffuser portion of which is shown in Figure 1 
that is driven by a turbine section 6, the first stage of 
which is shown in Figure 1, via a shaft (not shown, . 
Ambient air is drawn into the compressor 2 and compressed 
A portion 8' of compressed air 8 produced by the compressor 
2 xs directed to a combustion system 5. The remainder of 
the compressed air 8 is used to cool the turbiae section 6. 

The combustion system 5 includes a shell 12 that 
f orms a chamber 14 . a number of combustors 4 are arranged 
in a Circumferential array around the chamber 14 Each 
combustor 4 is comprised of a liner formed by a wall 11 
shown in Figure 3. As shown in Figures 2 and 3, the inner 
surface of the wall 11, which may have a thermal barrier 
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coating, forms a containment that encloses the combustion 
zone 28 and directs the flow of hot combustion gas 9 from 
the combustion zone to a combustor outlet 13. In the front 
portion of the combustor 4, the wall 11 is approximately 
5 cylindrical and defines an axial centerline 15 for the 

combustor. However, in its downstream portion, the wall 11 
undergoes a transition into the arcuate outlet 13 that, 
when combined with the outlets of the other combustors, it 
forms the annular inlet to the turbine 6 . A number of 

10 cooling fluid manifolds 30-34 encircle the wall 11. 

As shown in Figure 1, a fuel pre-mixing nozzle 7 
is disposed within the inlet 10 of each of the combustors 4 
and introduces fuel 46 into the combustor. According to 
the current invention, the fuel 45 is preferably a gaseous 

15 fuel, such as natural gas, that has been pre-heated, as 
discussed in detail below. In the combustors 4, the fuel 
46 is burned in the compressed air 8, thereby producing the 
hot compressed gas 9. 

The hot compressed gas 9 produced by the 

20 combustor 4 is directed to the turbine 6 where it is 

expanded, thereby producing shaft horsepower for driving 
the compressor 2, as well as a load, such as an electric 
generator, The expanded gas produced by the turbine 6 is 
exhausted, either directly to the atmosphere or, in a 

25 combined cycle plant, to a heat recovery steam generator 
and then to atmosphere. 

According to the preferred embodiment of the 
current invention, all of the compressed air 8' that is 
introduced into the flow path defined by the combustor 4 

30 enters through the inlet 10 and forms the combustion air in 
which the fuel 46 is burned in the combustion zone of the 
combustor. . Preferably, no compressed air is introduced 
into the hot combustion gas 9 downstream of the combustor 
inlet 10 and, therefore, downstream of the combustion zone. 

35 As a result of the large amount of combustion air 8', the 
combustion temperature and, therefore/ the NOx production 
is minimized. Nevertheless, by utilizing the principles of 
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the current invention, the combustor wall 11 is adequately 
cooled as discussed below. 

As shown in Figures 3-6, according to the current 
invention, a large number of small passages, preferably 
5 several hundred, are circumf erentially arranged around and 
within the combustor wall 11. Preferably, the passages 
extend substantially parallel with the inner and outer 
surfaces 38 and 39, respectively, of the wall 11. 
According to the current invention, the passages extend 
axially, and, most preferably, parallel to the axial 
centerline 15 of the combustor 4 and parallel to each other 
along substantially the entire length of the combustor 4. 
Figure 3 shows the portions 24 of each of the passages that 
extend between manifolds 33 and 34. As shown in Figures 5 
and 6, other portions of the passages extend between the 
remaining manifolds i.e., portions 25 of the passages 
extend between manifolds 32 and 33, portions 26 of the 
passages extend between manifolds 31 and 32, and portions 
27 of the passages extend between manifolds 30 and 31. 

Preferably, the passages are formed by milling 
continuous channels in the surface of a plate that is 
subsequently bonded to the surface of another plate. The 
plate laminate is then formed into the wall 11. Although 
in the preferred embodiment continuous passages are used, 
25 intermittent passages that start and stop at each manifold 
could also be utilized. 

As shown in Figures 5 and 6, small passages 60-63 
connecting with the passages 24-27 extend radially outward 
with respect to the combustor axis 15 so as to form 
30 circumferentially extending rows of inlets 50 and outlets 
51 for the passages on the outer surface 3 9 of the 
combustor wall 11. 

As shown in Figure 2, in the preferred embodiment 
of the invention, gaseous fuel 40 from a fuel supply is 
3 5 directed by piping 16 to each of the combustors 4. The 
fuel 40 is then split into two streams 41 and 42 by pipes 
17 and 18, respectively. The pipe 17 directs the fuel 41 
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to the manifold 33, which distributes it circumf erentially 
around the wall 11 to the inlets 50 of the passages 24 and 
25, as shown in Figures 4 and 5. From the inlets 50, the 
fuel 41 is divided into two sets of small streams 41' and 
5 41", as shown in Figures 2 and 5. The small streams of 
fuel 41' flow axially upstream through passages 24 toward 
the manifold 34. The small streams of fuel 41" flow 
axially downstream through passages 25 toward the manifold 
32. In so doing, the fuel 41 absorbs heat from the wall 

10 11, thereby cooling the wall and pre-heating the fuel. 

In a similar fashion, the portion 42 of the fuel 
40 is directed by pipe 18 to manifold 31. From manifold 
31, the fuel 42 is divided into two sets of small streams. 
Streams 42' flows axially upstream through passages 26 

15 toward manifold 32, whereas streams 42" flow axially 
downstream through passages 27 toward manifold 30. 

The heated streams of fuel 43, 44, and 4 5 from 
the manifolds 30, 32 and 34, are by directed by pipes 20, 
21 and 22, respectively, to a common header 19. The header 

20 pipe 19 directs the combined flow of heated fuel 46 to the 
fuel nozzle 7 for introduction into the combustion zone 
within the combustor 4, as shown in Figure 1. Thus, the 
fuel 40 serves to cool the walls 11 of the combustor 4 so 
that, preferably, all of the combustion air 8' can be 

25 introduced at the combustor inlet 10 for use in the primary 
combustion zone. This ensures that the combustion zone 
will receive a lean, well mixed fuel/air mixture, thereby 
minimizing the generation of NOx. In addition, the heated 
absorbed by the fuel 40 is returned to the combustor 4 with 

30 the heated fuel 46, so that essentially no energy is lost 
from the thermodynamic cycle as a result of cooling the 

combustor wall 11. 

Figure 7 shows another embodiment of the current 
invention is which combustion air is used to cool the 
35 combustor wall, yet all of the compressed air 8' still 

enters the combustor 4' through the inlet 10 for combustion 
with the fuel 40' and 40". In this embodiment, a portion 
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80 of the compressed air 8 that enters the chamber 14 is 
bled from the chamber via piping 70 . The piping 70 directs 
the compressed air to a boost compressor 71, which further 
compresses it. The further compressed air is then directed 
5 back through the chamber 14 by piping 72 to the combustor 
4' . 

Piping 73 and 74 divides the further compressed 
air into two streams 82 and 83. Air stream 82 is directed 
by piping 74 to a manifold 90, which is similar to the 

10 manifold 33, shown in Figure 4. From the manifold 90, the 
compressed air 82 is divided into two groups of streams 82' 
and 82" that flow through passages in the combustor wall 
11, as previously discussed. Streams 82' flow axially 
upstream through passages 24, as previously discussed, 

15 toward a circumf erentially extending row of outlets 92, 

similar to the outlets 51 shown in Figure 5. However, in 
this embodiment, there is no manifold encircling the 
outlets so that the streams of heated air 84 are discharged 
back into the chamber 14 . 

20 Streams 82" flow axially downstream through 

passages 25 toward a second circumf erentially extending row 
of outlets 93, similar to the outlets 51 shown in Figure 6. 
Once again, the streams of heated air 8 5 are discharged 
back into the chamber 14 * 

25 Similarly, air stream 83 is directed by piping 73 

to a manifold 91, which is similar to the manifold 31, 
shown in Figure 6. From the manifold 91, the air 83 is 
divided into streams 83' and 8 3" that flow upstream toward 
the row of outlets 93 and downstream toward a row of 

30 outlets 94, respectively, after which this heated air is 
also discharged back into the chamber 14. Thus, although 
this embodiment relies on air, rather than fuel, for 
cooling, all of the compressed air can be still be directed 
through the combustor inlet 10 to ensure that a lean 

35 fuel/air ratio is achieved in the combustion zone 28. In 
addition, the heat absorbed by the cooling air is returned 
to the combustor 4' . 
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The present invention may be embodied in other 
specific forms without departing from the spirit or 
essential attributes thereof and, accordingly, reference 
should be made to the appended claims, rather than to the 
foregoing specification, as indicating the scope of the 
invention. 
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CLAIMS : 

1. A combustor for heating compressed air by 
combusting a fuel therein, thereby producing hot compressed 
gas, said combustor comprising: 

a) a liner formed by a wall having inner and 
5 outer surfaces, said inner surface of said wall 

forming a flow path for directing the flow of 
said hot compressed gas, a plurality of fuel 
passages formed within said wall extending 
between and substantially parallel to said inner 
10 and outer surfaces; and 

b) means for distributing said fuel to each 
of said passages prior to combustion thereof, 
whereby heat is transferred to said fuel from 
said wall, thereby heating said fuel and cooling 

15 said wall . 

2. The combustor according to claim 1, wherein 
said combustor defines an axial center line thereof, said 
passages extending substantially parallel to said axial 
center line • 

20 3. The combustor according to claim 2, wherein 

at least a portion of said wall is substantially 
cylindrical, said passages circumf erent ially arranged 
within and around said cylindrical portion of said wall. 



4. The combustor according to claim 1, wherein 
25 said wall encloses a combustion zone, and further 
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comprising means for directing said heated fuel from each 
of said passages to said combustor zone for combustion 
therein. 

5. The combustor according to claim 4, wherein 
5 said means for distributing said fuel to each of said 

passages comprises a first manifold in flow communication 
with each of said passages. 

6. The combustor according to claim 5, wherein 
said means for directing said heated fuel from each of said 

10 passages to said combustion zone comprises a second 

manifold in flow communication with each of said passages. 

7. The combustor according to claim 6, wherein 
said first and second manifolds each encircle at least a 
portion of said wall. 

15 8. The combustor according to claim 6, further 

comprising a fuel nozzle for discharging said heated fuel 
into said combustion zone, said second manifold being in 
flow communication with said fuel nozzle. 

9. The combustor according to claim 6, wherein 
20 said means for directing said heated fuel from each of said 
passages to said combustion zone further comprises a third 
manifold in flow communication with each of said passages, 
said first manifold being disposed between said second and 
third manifolds. 

25 10 . The combustor according to claim 9, wherein 

said passages have: 

a) means for directing a first portion of 
said fuel flowing through said passages from said 
first manifold to said second manifold in the 
30 same direction as the flow of said hot compressed 

gas through said flow path; 
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b) means for directing a second portion of 
said fuel flowing through said passages from said 
first manifold to said third manifold in the 
direction counter to the flow of said hot 
compressed gas through said flow path. 

11. A gas turbine combustion system, comprising: 

a) a chamber having means for receiving a 
flow of compressed air from a first compressor; 

b) a combustor disposed in said chamber, 
said combustor having: 

(i) means for receiving a fuel, 

(ii) a compressed air inlet in flow 
communication with said chamber, whereby 
said compressed air received by said chamber 
flows into said combustor and is combusted 
with said fuel, thereby producing a flow of 
hot compressed gas, 

(iii) a liner having a wall for 
containing said flow of hot compressed gas 
and a manifold, said wall having a plurality 
of passages formed therein, each of said 
passages having an inlet and an outlet, said 
inlet of each of said passages being in flow 
communication with said manifold, said 
outlets of each of said passages being in 
flow communication with said chamber; 

c) means for further pressurizing at least a 
portion of said compressed air received by said 
chamber and for directing said further 
pressurized air to said manifold, whereby said 
further pressurized air flows from said inlet of 
said passages to said outlets of said passages 
thereby absorbing heat from said wall and then 
discharges into said chamber where it enters said 
combustor compressed air inlet. 
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12. The combustion system according to claim 11, 
wherein said combustor defines an axial center line 
thereof, said passages extending substantially parallel to 
said axial center line. 

5 13. The combustion system according to claim 11, 

wherein at least a portion of said wall is substantially 
cylindrical, said passages circumf erentially arranged 
within and around said cylindrical portion of said wall. 

14. The combustion system according to claim 11, 
10 wherein said means for further pressurizing said compressed 

air and for directing said further pressurized air to said 
manifold comprises a second compressor. 

15. The combustion system according to claim 14, 
wherein said means for further pressurizing said compressed 

15 air and for directing said further pressurized air to said 
manifold further comprises a conduit having an inlet in 
flow communication with said chamber, said second 
compressor disposed in said conduit. 

16. A combustor comprising: 

20 a) a substantially cylindrical wall defining 

an axis thereof, first and second pluralities of 
axially extending passages formed in said wall 
and distributed circumf erentially there -around ; 
and 

25 b) a first manifold having means for 

receiving a fluid, said first manifold in flow 
communication with said first and second 
pluralities of passages, said first plurality of 
passages extending from said first manifold in a 
30 first axial direction, said second plurality of 

passages extending from said first manifold in a 
second axial direction opposite to said first 
axial direction, whereby said fluid received by 
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said manifold flows through said first and second 
pluralities of passages in opposite directions. 

17. The combustor according to claim 16, further 
comprising second and third manifolds having means for 

5 discharging said fluid received by said first manifold, 

said second manifold in flow communication with said first 
plurality of passages, said third manifold in flow 
communication with said second plurality of passages, 
whereby said fluid flowing through said first and second 
10 passages in opposite directions is collected by said second 
and third manifolds, respectively. 

18. The combustor according to claim 17, wherein 
said first, second and third manifolds encircle said wall. 

19. The combustor according to claim 17, wherein 
15 said fluid is a fuel, and further comprising a fuel nozzle 

for introducing said fuel into said combustor and means for 
directing said fuel from said second and third manifolds to 
said fuel nozzle. 



20. The combustor according to claim 16, wherein 
20 said fluid is compressed air. 
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